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N-SITU MOLDED FASTENER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to fasteners, such as for fas 

tening sheet-metal parts. 
2. Background of the Related Art 
Sheet metal parts are among the variety of parts that can be 

joined using fasteners. Sheet metal parts are commonly found 
in computer equipment Such as computer chassis. A variety of 
mechanical fasteners and methods of fastening parts are 
known in the art. Examples of fasteners include rivets, nuts 
and-bolts, and screws. Fastening methods also include weld 
ing or epoxy bonding. A variety of alignment features and 
methods of aligning parts to be assembled are also known in 
the art. An example of an alignment feature is a pin. Many 
fasteners can also be used as an alignment feature. For 
example, rivets, bolts, screws, and other fasteners are com 
monly used to fix the location of one part with respect to 
another part. 
A variety of trade-offs and difficulties arise in the assembly 

of parts. For example, manufacturing tolerances in multi-part 
assemblies can 'stack up.’ So that fasteners or alignment/ 
locator features do not line up as intended. Depending on the 
fastener used, tolerance stack-up can cause manufacturing 
difficulties. Many fasteners and fastening methods create a 
permanent joint, which, despite their associated benefits, may 
also have some disadvantages. For example, parts may be 
welded or bonded using epoxy to produce a very strong joint, 
with a potential drawback that the parts cannot be easily 
separated without damaging them. Another manufacturing 
issue is that tools and automated machinery are frequently 
required to fasten parts. The complexity of tools or machinery 
used to assemble parts is a factor in the overall cost and 
feasibility of manufacturing an assembly. Another problem 
with conventional fastening methods is that fasteners may 
undesirably protrude from a surface of a part. 

BRIEF SUMMARY OF THE INVENTION 

One embodiment of the present invention provides a 
method of fastening two parts. The two parts to be fastened 
are selected, and a through hole is formed on each part 
between a first Surface and an opposing second Surface Such 
that a dimension of each through hole at the first surface is 
larger than a dimension of the through hole at the opposing 
second surface. The two parts are abutted at the respective 
second Surfaces with the through holes in fluid communica 
tion with each other. A flowable and hardenable material is 
injected into the through holes of the two parts while prevent 
ing flow of the material out of the through holes. The flowable 
and hardenable material is allowed to harden within the 
through holes. Another embodiment provides a fastener 
formed in-situ by this method. 

Another embodiment provides a system for fastening parts. 
A through hole forming device is configured for selectively 
forming variable width through holes on each two parts to be 
fastened from a first Surface to an opposing second Surface, 
such that the width of each through hole on the first surface is 
larger than the width of the through hole at the opposing 
second Surface. Opposing first and second platens are config 
ured for selectively urging the parts into engagement while 
two through holes are in fluid communication with each other. 
A flowable material injection system includes a source of 
flowable and hardenable material, a flow passage through the 
first platen and in fluid communication with the through hole 
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2 
on the part engaged by the first platen, and a pressurizing 
mechanism for urging the flowable and hardenable material 
through the flow passage and into the first and second through 
holes between the first and second platens under pressure. 
The flowable material injection system selectively maintains 
pressure while the flowable and hardenable material hardens 
within the through holes. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

FIG. 1 is a schematic side view of a first part and a second 
part to be fastened according to an embodiment of the inven 
tion. 

FIG. 1A is a schematic side view of the parts to be fastened, 
wherein the through holes have a generally stepped profile. 

FIG. 1B is a schematic side view of the parts wherein the 
through holes have a curved profile. 

FIG. 2 is a schematic side view of the first and second parts 
abutting, with opposing platens positioned on either side and 
in general alignment with the through holes. 

FIG.3 is a schematic side view of the first and second parts 
with a fastener being formed in-situ in the through holes. 

FIG. 4 is a schematic side view of the parts as retained by 
the fastener. 

FIG. 4A (inset) is a side view of the fastener with the 
fastened parts hidden from view. 

FIG. 5 is a schematic side view of the parts fastened by a 
fastener formed in-situ while the through holes were mis 
aligned. 

DETAILED DESCRIPTION OF THE INVENTION 

Embodiments of the present invention include systems and 
methods of fastening two parts by forming an in-situ fastener. 
For example, in one embodiment, a chamfered through hole is 
formed on each of a first and second part to be joined. The 
parts are abutted with the through holes in fluid communica 
tion with one another, and with the chamfers facing away, 
Such that the dimensions of the through holes at the abutting 
Surfaces are Smaller than the dimensions at opposing Surfaces 
of the abutted first and second parts. A flowable and harden 
able material (“adhesive material), such as a low-melting 
point alloy or thermoplastic polymer, is injected while in a 
flowable state into the first and second through holes under 
pressure, between impinging platens. The adhesive material 
is hardened, after which the platens may be removed. The 
resulting in-situ fastener keeps the two parts reliably fastened. 
The fastener is desirably flush with the surfaces of the parts. 
The adhesive material used may be selected to fail before the 
material of the fastened parts, such that the parts may be 
nondestructively separated when desired. Furthermore, a reli 
able in-situ fastener may be produced even when the through 
holes are not precisely aligned, and tolerance mismatch is 
generally less of an issue than with conventional fasteners and 
methods. This and other exemplary embodiments are shown 
and described in further detail with reference to the accom 
panying figures. 

FIG. 1 is a schematic side view of a first part 10 and a 
second part 110 to be fastened according to an embodiment of 
the invention. The parts 10, 110 are to be fastened at surfaces 
12, 112 (alternatively referred to as the “abutting surfaces”). 
A through hole forming device may be used to form holes 16, 
116 along a thin-wall portion of the parts 10, 110. The thin 
wall portion of each part 10, 110 may be have a uniform 
cross-sectional thickness, such that the abutting Surface 12 is 
generally parallel to the opposing Surface 18 and the abutting 
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Surface 112 is generally parallel to the opposing Surface 118. 
For example, the two parts 10, 110 may be formed from sheet 
metal, and sheet metal typically has a relatively thin wall of 
uniform thickness. However, the invention does not require 
that two parts being joined be made of sheet metal, have a 
thin-wall portion, or even parallel Surfaces. 
An exemplary through hole forming device includes a 

rotatable cutting tool referred to herein as a “chamfer bit 30. 
The chamfer bit 30 has a tapered cutting section 32. To form 
the through holes, the chamfer bit 30 may be rotated at its axis 
while being translated axially into engagement with each of 
the parts 10, 110 in the directions indicated. The tapered 
cutting portion 32 of the chamfer bit 30 gives the through 
holes 16, 116 a tapered profile optionally referred to as a 
“chamfer.” With reference to the part 10, for example, the 
chamfer bit 30 may be rotated and driven axially into engage 
ment with the opposing Surface 18 and cut through to the 
abutting surface 12. Due to the tapered cutting section 32, the 
through hole 16 has an "entrance diametero at the opposing 
surface 18 that is larger than an “exit diameter Q at the 
abutting Surface 12. 
A chamfer is just one example of a through hole profile that 

may be formed having a larger dimension or diameter at the 
opposing surface 18, 118 than at the abutting surface 12, 112 
of the two parts 10, 110 to be fastened. FIGS. 1A and 1B show 
alternative examples of through hole profiles having a larger 
diameter at the opposing surface 18, 118 than at the abutting 
surface 12, 112. FIG. 1A is a schematic side view of the parts 
10, 110 wherein the through holes 16A, 116A have a gener 
ally “stepped profile. FIG.1B is a schematic side view of the 
parts 10, 110 wherein the through holes 16B, 116B have a 
curved profile. The profiles of the through holes 16A, 116A 
and 16B, 116B each have a diameter Ø at the opposing 
Surface 18 that is larger than the diameter Ø at the abutting 
surface 12. This relationship between diameters o and a 
ensures retention of the parts 10, 110 by the in-situ fastener 
formed as described below. 

Alternative through hole forming devices are also within 
the scope of the invention. For example, a through hole form 
ing device may include a punch used to punch through holes 
in parts to be fastened. A punch may reliably and economi 
cally form through holes of the desired profile, particularly in 
thin sheet metal. In another example, a through hole forming 
device may include a mold for forming the parts 10, 110 with 
the through holes 16, 116 already included. Also, though the 
parts to be fastened are described in the various embodiments 
as having sheet-metal construction with uniform wall thick 
ness, even non-sheet-metal parts and parts not having a uni 
form wall thickness may be fastened according to one or more 
embodiments of the invention. 

FIG. 2 is a schematic side view of the first and second parts 
10, 110 having been brought together in an abutting relation 
ship, with opposing platens 40, 50 positioned on either side 
and in general alignment with the through holes 16, 116. The 
through hole 16 in the part 10 is in fluid communication with 
the through hole 116 in the part 110. One or both of the platens 
40, 50 may be movable, such as by pneumatic or mechanical 
actuation. For example, the platens 40, 50 may both be mov 
able toward one another. Alternatively, one of the platens 40, 
50 may be fixed while the other of the platens may be movable 
toward the fixed platen. The platens 40, 50 need not have the 
same shape, though it is desirable for both platens to be as 
narrow as practicable to minimize interference with other 
features that may be included with the parts 10, 110. The 
platen 40 has a flow passage 42 all the way through to an 
engagement surface 44 of the platen 40, while the platen 50 
has no such passage through its engagement Surface 54. Seal 
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4 
members 46, 56 are optionally included on the platens 40, 50. 
The sealing members may be, for example, slightly-raised 
circular ridges or thin elastomeric O-rings designed to sealing 
engage the respective opposing Surfaces 18, 118 about the 
through holes 16, 116. 

FIG.3 is a schematic side view of the first and second parts 
10, 110 with an in-situ fastener being formed in the through 
holes 16, 116. The parts 10, 110 are abutting, with the oppos 
ing platens 40, 50 in engagement with the parts 10 110. The 
optional sealing member 46 of the platen 40 is in sealing 
engagement with the surface 18 of the part 10, circumferen 
tially disposed about the through hole 16, with the fluid pas 
sage 42 in fluid communication with the through hole 16. The 
optional sealing member 56 of the platen 50 is in sealing 
engagement with the surface 118 of the part 110, circumfer 
entially disposed about the through hole 116, and closes flow 
to the through hole 116 at the surface 118. A flowable material 
injection system includes a source of flowable and hardenable 
material, depicted hereinas an adhesive material 60, is in fluid 
communication with a downstream pressure source, depicted 
herein as a pump 65, and the pump 65 is in fluid communi 
cation with the fluid passage 42. A pressure sensor 66 is 
optionally included for sensing pressure, and the pressure 
may be adjustable. 
The adhesive material 60 is a material that is both flowable 

and hardenable. For example, the adhesive material 60 may 
beathermoplastic material or a metal alloy with a low melting 
point, either of which may be heated to make flowable and 
cooled to harden. Various examples of metal allows generally 
recognized as having “low” melting points are described in 
Specification ASTM B774-00(2005). Specific examples 
known in the art include Wood's metal, Lipowitz’s alloy, 
Field's metal, Cerrobend, Cerrocast, Cerrosafe, Rose Metal, 
NaK, and many other commercial alloys, including solders. 
Thermoplastic materials also typically have melting points. A 
heat source 62 is optionally provided for use with adhesive 
materials that are made flowable by heating. The pump and/or 
the platen 40 may also be heated to prevent the adhesive 
material from Solidifying inside the pump or platen. Alterna 
tively, the adhesive material 60 may be another type of adhe 
sive known in the art, which may be flowable in an uncured 
state and which may be cured to harden. 

In a flowable state, the adhesive material 60 is pumped 
through the fluid passage 42 and into the through holes 16, 
116, where the adhesive material 60 is retained between the 
platens 40, 50. The optional sealing members 46, 56 may have 
a very low profile height, so that the adhesive material 60 is 
generally flush with the surfaces 18, 118. If the optional 
sealing members 46, 56 are not included, the engagement 
surfaces 44, 54 of the platens 40, 50 may instead seal directly 
with the surfaces 18, 118. 
The pump 65 or other pressure source may be used to 

pressurize the adhesive material injected into the through 
holes 16, 116, and to maintain pressure on the adhesive mate 
rial 60 while the adhesive material hardens. The pressure is 
typically less than about thirty pounds per square inch (psi). 
The pressure helps fill the through holes 16, 116 with the 
adhesive material 60 with minimal voids. The platens 40, 50 
need not engage the parts 10, 110 with a large amount of 
force, so long as the platens 40, 50 sufficiently retain the 
adhesive material in the through holes 16, 116 between the 
platens 40, 50. Once the adhesive material has hardened, the 
pressure can be released and the platens 40, 50 can be 
removed from the parts 10, 110. The platens optionally 
include or are coated with a non-stick material. Such as a 
polytetrafluoroethylene coating 41, 51, to prevent the hard 
ened adhesive material from sticking to the platens 40, 50. 
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FIG. 4 is a schematic side view of the parts 10, 110 as 
retained by the fastener 70. The adhesive material injected 
into the through hole 16, 116, as shown in FIG. 3, has hard 
ened. The platens 40,50 of FIG.3 have been removed, and the 
parts 10, 110 remained fastened together by the fastener 70. 
The resulting fastener 70 has thus been formed in-situ, having 
been molded in place within the through holes 16, 116. FIG. 
4A (inset) is a side view of the fastener 70 with the fastened 
parts 10, 110 hidden from view. The shape of the fastener 70 
includes tapered portions 72, 74 formed against the tapered 
surfaces of the holes 16, 116. The tapered surfaces 72, 74 
provide retention to hold the parts 10, 110 together. Thus, an 
effort to separate the parts 10, 110 imparts forces F1, F2 
placed on the tapered surfaces 72, 74 of the fastener 70. The 
tapered surfaces 72, 74 resist these forces F1, F2 through 
interference with the tapered surfaces of the through holes 16, 
116. Note that the stepped profile of the through holes 16A, 
116A in FIG. 1A, the curved profile of the through holes 16B, 
116B in FIG. 1B would also produce an in-situ fastener that 
would similarly fasten the parts 10, 110. One skilled in the art 
having benefit of this disclosure will appreciate that other 
through hole profiles having a diameter Ø at the opposing 
surface 18 that is larger than the diameter o. at the abutting 
surface 12 could also be used to fasten the parts 10, 110. 

It is desirable in some applications for the adhesive mate 
rial to have little or no direct bonding with the parts 10, 110. 
so that substantially all of the retention is provided by the 
interference between the tapered surface 72, 74 and the 
tapered surfaces of the through holes 16, 116. One reason for 
desiring little or no direct bonding between the adhesive 
material and the parts is so that the parts 10, 110 may be 
non-destructively separated without the adhesive material or 
pieces thereof being stuck to the parts 10, 110 after they are 
separated. Non-destructive separation may be desirable, for 
example, to allow for optional disassembly of the parts 10 or 
110, such as to replace one of the parts 10, 110 or to recon 
figure an assembly that includes the parts 10, 110. A thermo 
plastic material or a metal alloy having a low melting point 
may be selected as the adhesive material. Such a material is 
easily made flowable by heating, while having ample strength 
when hardened. To separate the parts 10, 110, the parts 10, 
110 may be pulled apart with sufficient force to break the 
fastener 70 withoutbreaking the parts 10, 110. Furthermore, 
heat may be applied locally at the fastener 70 to soften the 
thermoplastic material or low-melting point metal alloy so 
that the parts 10, 110 may be more easily separated without 
damage to the parts 10, 110. 

In other applications, it may be desirable to bond two parts 
permanently and with considerable bonding strength. For 
example, Some parts Such as heavy-duty chassis components 
may be designed for long service life with minimum service 
ability. In such applications, an adhesive material capable of 
forming a very strong adhesive bond and/or with very high 
strength may be desirable. Selecting an adhesive material 
with high strength or strong adhesion will likely increase the 
retention of the parts 10, 110 by the resulting in-situ fastener. 
In Such instances, it may also be desirable to Surface-treat the 
tapered surfaces of the through holes 16, 116, such as by 
texturizing the tapered Surfaces or by cleansing the tapered 
Surfaces with a solvent, to maximize adhesion of the adhesive 
material with the tapered surfaces. 

FIG. 5 is a schematic side view of the parts 10, 110 as 
fastened by a fastener 70' formed in-situ while the through 
holes 16, 116 were misaligned. Due to the misalignment, the 
centerlines of the through holes 16, 116 do not coincide. The 
misalignment may occur, for example, due to human error, 
“tolerance stack-up, or other manufacturing issues. Despite 
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6 
this misalignment, the through holes 16, 116 are in fluid 
communication when the in-situ fastener 70' is formed, and 
the fastener 70' is formed as a unitary member, even if not a 
perfectly symmetrical unitary member. Thus, the asymmetric 
fastener 70' still performs its intended function of fastening 
the parts 10, 110. Thus, the disclosed method of forming an 
in-situ fastener provides a reliable way of fastening the parts 
10, 110 even if the parts 10, 110 are not precisely aligned. 
The terminology used herein is for the purpose of describ 

ing particular embodiments only and is not intended to be 
limiting of the invention. As used herein, the singular forms 
“a”, “an and “the are intended to include the plural forms as 
well, unless the context clearly indicates otherwise. It will be 
further understood that the terms “comprises” and/or “com 
prising, when used in this specification, specify the presence 
of stated features, integers, steps, operations, elements, com 
ponents and/or groups, but do not preclude the presence or 
addition of one or more other features, integers, steps, opera 
tions, elements, components, and/or groups thereof. The 
terms “preferably,” “preferred,” “prefer.” “optionally.” 
“may and similar terms are used to indicate that an item, 
condition or step being referred to is an optional (not 
required) feature of the invention. 
The corresponding structures, materials, acts, and equiva 

lents of all means or steps plus function elements in the claims 
below are intended to include any structure, material, or act 
for performing the function in combination with other 
claimed elements as specifically claimed. The description of 
the present invention has been presented for purposes of 
illustration and description, but it not intended to be exhaus 
tive or limited to the invention in the form disclosed. Many 
modifications and variations will be apparent to those of 
ordinary skill in the art without departing from the scope and 
spirit of the invention. The embodiment was chosen and 
described in order to best explain the principles of the inven 
tion and the practical application, and to enable others of 
ordinary skill in the art to understand the invention for various 
embodiments with various modifications as are suited to the 
particular use contemplated. 
What is claimed is: 
1. A method, comprising: 
selecting two parts to be fastened; 
forming a through hole on each part between a first Surface 

and an opposing second Surface Such that a dimension of 
each through hole at the first Surface is larger than a 
dimension of the through hole at the opposing second 
Surface; 

abutting the two parts at the respective second surfaces 
with the through holes in fluid communication with each 
other; 

injecting a flowable and hardenable material into the 
through holes of the two parts while preventing flow of 
the material out of the through holes; and 

allowing the flowable and hardenable material to harden 
within the through holes. 

2. The method of claim 1, further comprising: 
forcibly abutting the two parts by engaging a first platen 

with the first surface of one of the parts and simulta 
neously engaging a second platen with the first Surface 
of the other part until the flowable and hardenable mate 
rial has substantially hardened. 

3. The method of claim 2, further comprising: 
positioning the first platen directly over the through hole on 

the part engaged by the first platen; and 
flowing the flowable and hardenable material through a 

flow passage in the first platen and into the through 
holes. 
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4. The method of claim 3, further comprising: 8. The method of claim 1, further comprising: 
applying pressure to the flowable and hardenable material forming the through holes on sheet metal portions of the 

while the flowable and hardenable material hardens. parts. 
5. The method of claim 4, further comprising: 9. The method of claim 1, further comprising: 
applying a back pressure to the through hole on the part 5 applying pressure to the flowable and hardenable material 

engaged by the second platen. to up to thirty pounds per square inch while hardening. 
10. The method of claim 1, wherein the flowable and hard 

enable material is selected from the group consisting of a 
metal alloy and a thermoplastic material, wherein the flow 

10 able and hardenable material can be made flowable by heating 
and is hardenable by cooling. 

6. The method of claim 1, further comprising: 
forming the through holes along sheet-metal portions of 

the parts. 
7. The method of claim 1, whereinforming each through 

hole comprises tapering the through hole radially inwardly 
from the first surface to the second surface. k . . . . 


